Background and oBjectives: Saudi Arabia underwent opulence-driven socio-cultural and lifestyle changes leading to soaring rates of diabetes mellitus. This study exposes the epidemiology of abnormal glucose metabolism namely: diabetes and impaired fasting glucose (IFG) in 13 administrative regions of Saudi Arabia. design and settings: This is a nationwide, household, population-based cross-sectional study that was conducted through primary health care centers during the period 2007-2009. Patients and methods: A nationwide, household, population-based cohort of 53 370 participants aged 0-100 years adjusted to be compatible with population census was interviewed and anthropometric measures were collected. Fasting blood sample was used to screen for IFG and diabetes. results: The overall prevalence of abnormal glucose metabolism was 34.5%, which included 22.6% patients with IFG, 11.9% patients with diabetes, and 6.2% patients who unaware of their disease. Diabetes prevalence was 40.2% for subjects aged ≥45 years and 25.4% for those aged ≥30 years that decreased to 11.9% when the full age spectrum was considered. Type 1 diabetes prevalence was 0. 8%, contributing only to 6.6% of the total population of patients with diabetes. The top 5 regions with the highest abnormal glucose metabolism prevalence were Makkah (43.4%), Aljouf (41.7%), Eastern region (37.16%), Madinah (35.4%), and Qassim (33.7%). Urbanization, age, and obesity were behind the wide variations in diabetes and IFG prevalence in the 13 regions. conclusion: Abnormal glucose metabolism has reached an epidemic state in Saudi Arabia, where one-third of the population is affected and half of diabetic cases were unaware of their disease. This observation warrants an urgent strategy for launching diabetes primary prevention and screening programs. the prevalence to be 4.3% in rural areas for people aged ≥15 years, using 1980 World Health Organization (WHO) criteria.
S audi Arabia is a country known for its wide geographical area and unique homogeneous socio-cultural structure with rapid population growth. 1 Over the last 4 decades, this country has passed through a rapid economic development leading to urbanization reflected by life style changes. This life style change has led to soaring rates of chronic diseases, mainly diabetes mellitus, which has put a real challenge to the health system in Saudi Arabia.
Over the last 40 years, there have been many studies that looked into this medical problem from different prospective. Fatani 2 Al-Nuaim in 1993 calculated diabetes prevalence at a national level to be at 12.5% using 1985 WHO criteria for the age group >15 years. 3 It was followed in the national survey by Al-Nozha et al in the year 2004, reporting diabetes prevalence to be at 23.7% using 1997 American Diabetes Association (ADA) criteria in a narrower age group from 30-70 years. 4 Since that time, there have been no nationwide or regional studies that have investigated diabetes prevalence using the most recent diagnostic criteria.
tal-based studies that reported diabetes prevalence, but these studies lacked a proper sample adjustment or case identification methodology. Other constraints of such studies were limited to either specific age, gender, or diabetes type. [6] [7] [8] The significant increase in the prevalence of type 2 diabetes mellitus is attributed to the predominance of its risk factors seen in this community. Lifestyle changes, as a result of urbanization and increased affluence, have markedly increased the rates of physical inactivity and obesity. 9, 10 This was also coupled with socio-cultural changes that have led to high daily caloric intake reflected by the increased consumption of animal products and refined food. 11, 12 Increased trends in other associated diseases, mainly hypertension and hyperlipidemia, are also contributing to the ever-increasing prevalence of diabetes. 13, 14 Smoking is another risk factor for diabetes and is becoming even more prevalent in this society. 15 Life expectancy for Saudi population has shown a significant increase reaching 75 years in the year 2011, 16 which could also play a role in the increased diabetes prevalence. Ethnicity plays a major role for type 2 diabetes susceptibility, wherein Arabs are considered to have high risk of developing type 2 diabetes. 17 The high prevalence of diabetes observed in Saudis could be explained on the basis of this ethnicity. Genetic factor has its add on value as a risk factor for type 2 diabetes in this society due to the high prevalence of positive family history and consanguinity rate. 18, 19 International Diabetes Federation Atlas in its sixth edition in the year 2013 ranked Saudi Arabia the seventh in the top 10 countries known for their high diabetes prevalence, and this position is expected to be the sixth by 2035. 20 This observation was based on the previously available epidemiology studies that support this finding and warrant a nationwide study. The Saudi Abnormal Glucose Metabolism and Diabetes Impact Study (SAUDI-DM) was designed to test for the disease prevalence and related risk factors, in addition to its socio-economic impact. This study had looked into the population age at full range and involved the 13 administrative regions of Saudi Arabia in relation to the abnormal glucose metabolism epidemiological characteristics.
Patients and methods

Study population
SAUDI-DM is a nationwide, household populationbased cross-sectional study, which was conducted through primary health care centers using a random selection method from the 13 administrative regions in Saudi Arabia during the period from 2007-2009. Trained physicians and nurses had participated in this study by recruiting Saudi national family members from every third house. All family members who were available during that visit were recruited regardless of their age, gender, or clinical status (diabetic or non-diabetic patients), excluding subjects who refused to participate or were not present during the recruitment visit.
Data collection
Every family member was interviewed and demographic data including age and gender was collected after securing a consent form. Weight, height, and waist circumference were measured for each candidate. Non-diabetic participants were asked to report after more than 10 hours overnight fasting to the primary care center for fasting venous blood sampling after being on regular diet for the last 3 days.
A total of 91 564 subjects were captured from the 13 administrative regions. Out of these, 4147 subjects were excluded because of incomplete data-981 subjects had no blood sample, 2077 subjects were without clinical data, and 1089 subjects lacked anthropometric measurements. The remaining 87 417 subjects were adjusted for normal age, gender, and residency area distribution (the residency areas were classified to urban and rural according to the definition given by the Ministry of Municipal and Rural Affairs) to be compatible with the national census of the year 2007 taking in consideration the population distribution in the 13 administrative regions as shown in Table 1 . A total 34 047 subjects were excluded during this adjustment phase using the random selection feature in the SPSS (version 17.0, SPSS Inc., Chicago). This technique would eliminate any selection bias that might affect the prevalence rate. The remaining 53 370 subjects after adjustment were used to calculate the national and regional prevalence rate of abnormal glucose metabolism.
Participants were classified into 6 age groups that usually shared similar life style, especially diet and physical activity habits. The first group was the preschool group with age ranging from 0-6 years. The second group was from 7-18 years representing the school-age children and adolescents. The third group was from 19-24 years followed by middle age group that ranged from 25-45 years. The fifth group was from 46-65 years, whereas the last group was more than 65 years of age.
Laboratory analysis
Using vacuum blood-collecting tubes containing sodium fluoride, the fasting whole blood venous samples were collected and stored at −20°C, and transported to the central laboratory of Strategic Center for Diabetes Research in Riyadh. The blood glucose assessment was done using glucose oxidase-peroxidase methodology after separating plasma in a plain tube.
Using ADA criteria 2011, 21 participants were considered normal if fasting plasma glucose (FPG) was <100 mg/dL (<5.6 mmol/L) and IFG level was between 100 mg/dL (5.6 mmol/L) and 125 mg/dL (6.9 mmol/L), whereas diabetes was considered when the level of FPG was ≥126 mg/dL (7.0 mmol/L).
Abnormal glucose metabolism cases in this survey included the known diabetic patients at the time of the survey, in addition to the newly discovered diabetic patients and IFG cases.
This study was approved by the Institutional Review Board at the College of Medicine, King Saud University.
Statistical analysis
Using SPSS, data were represented in descriptive statistics and frequency tables. A P value of <.05 was chosen as the level of significance, t test was used for continuous data, and chi-square test for categorical data. Data was represented as mean and 95% confidence interval (95% CI). The age-adjusted prevalence rate was used to study diabetes prevalence in different age groups using a 
results
Demographic characteristics
A total number of 53 370 participants were stratified for residency areas, out of which 72.5% were living in urban areas and 27.5% in rural areas. Men participants contributed to 48.5%, whereas women contributed to 51.5%. The sample distribution showed that, the largest number of participants were from Makkah, followed by Riyadh and Eastern region, whereas the smallest were from Asir and Northern border as shown in Table 1 . Figure 1 demonstrates the Saudi population pyramid from the Census 2007 using 5-year intervals and age- specific diabetes prevalence classified according to the commonly used age ranges. The Saudi population pyramid is following the expansive type that shows a large number of the population in the younger age groups as was observed in most developing countries as a result of high fertility rate (Figure 1B) . Figure 1A demonstrates age-specific diabetes prevalence in 5 different age ranges. The overall diabetes prevalence among all age groups (0-100) was 11.9%. The diabetes prevalence increased to 16.7% for the age range between 15 and 100 years and to 22.8% for the age range between 25 and 100 years. Age range between 30 and 100 years had a diabetes prevalence rate of 25.4%, whereas it reached 40.2% when the age range was selected between 45 and 100 years.
Prevalence of diabetes and IFG
Age-adjusted prevalence of type1 diabetes, 2 diabetes, and IFG is shown in Figure 2 according to the selected age groups. The prevalence of type 1 diabetes, type 2 diabetes, and IFG increased with age reaching its peak in the age group more than 65 years at 4.0% for type 1 diabetes, 40.6% for type 2 diabetes, and 29.5% for IFG. For children aged 0-6 years, the prevalence of type 1 diabetes was found to be 0.4%, whereas that of IFG was found to be 2.8%; however, no cases of type 2 diabetes were discovered in this age group. In the age group from 7-18 years, type 1 diabetes remained at 0.4%, whereas type 2 diabetes at 5.2% and IFG at 6.4%, which was almost similar to the age group from 19-24 years at 0.5%, 5.5%, and 6.7% for type 1 diabetes, type 2 diabetes, and IFG, respectively. Abnormal glucose metabolism increased in the age group from 25-45 years, where the prevalence of type 1 diabetes reached 0.8%, type 2 diabetes 11.7%, and IFG 9.5%. This prevalence continued to increase reaching 2.5% for type 1 diabetes, 34.5% for type 2 diabetes, and 13.9% for IFG in the age group from 46-65 years. Table 3 demonstrates the prevalence of different abnormal glucose metabolism, namely, type 1 diabetes, type 2 diabetes, and IFG in various administrative regions for the age group from 0-100 years. The overall prevalence of abnormal glucose metabolism was 34.5%, out of which 22.6% and 11.9% were IFG and diabetes, respectively. Among the diabetic group, the prevalence of type 1 diabetes in the total study sample was 0.8% and that of type 2 diabetes was 11.1%, divided into 4.9% known diabetic patients and 6.2% newly discovered cases.
Regional distribution
The top 5 regions pertaining to abnormal glucose metabolism were Makkah, Aljouf, Eastern region, Madinah, and Qassim with a prevalence of 43.4%, Figure 2 . Age-adjusted prevalence of type 1 and type 2 diabetes mellitus and impaired fasting glucose according to the age groups. 30 .7%, and 29.0%, respectively. Among these regions, Tabuk had the highest prevalence of diabetes, whereas Riyadh had the highest prevalence of IFG. Tabuk also demonstrated the highest prevalence rate of type 1 diabetes in the total sample (1.3%), whereas Riyadh demonstrated the lowest type 2 diabetes prevalence in this group (8.9%) but not in the total sample. Bahah region had the lowest prevalence of type 1 diabetes (0.2%) in this group and in the total sample.
The lowest prevalence of abnormal glucose metabolism was found in Najran, Northern border, Hail, and Jizan in the same order at 16.1%, 18.8%, 25.8%, and 25.9%, respectively. These regions had the lowest prevalence of IFG, down to 7.4% in Najran, and the lowest prevalence of diabetes reaching 6.6% in Northern border. Type 1 diabetes among these regions was varied being low in Jizan (0.3%) and Northern border (0.3%) and high in Najran (0.8%). Figure 3 shows the map for different administrative regions of Saudi Arabia demonstrating diabetes and IFG prevalence in these regions. IFG prevalence was more than 20% in Aljouf, Makkah, Eastern region, Qassim, Madinah, and Riyadh in the same order, whereas it was less than 20% in Asir, Tabuk, Hail, Bahah, Jizan, Northern border and Najran. Diabetes prevalence was more than 10% in Makkah, Madinah, Tabuk, Aljouf, Eastern region, Bahah, and Asir, but lower than 10% in Jizan, Riyadh, Qassim, Najran, Hail, and Northern border in the same order.
discussion
Prevalence of abnormal glucose metabolism Saudi Arabia, in recent times, has been combating against the epidemic of type 2 diabetes mellitus, where 34.5% (11.9% diabetic patients and 22.6% IFG) in all age spectrum of the total population are considered to be suffering from either diabetes or impaired fasting glucose (IFG). It is more prevalent among the targeted age population of 30 years and above, where 1 quarter of this population is already affected with diabetes and another 1 quarter is pre-diabetics in the form of IFG, as was been shown in our previous publication. 22 This finding is consistent with what Al-Nozha et al reported in 2004, 4 although the use of different diagnostic criteria had its impact on the higher prevalence of IFG observed in the current study.
Age plays a significant role in the increased prevalence of diabetes, reaching 40.2% for the people aged 45 years and above in the current study. This observation was also supported by many local and international studies although the prevalence was not as high. 2, 23, 24 Another remarkable observation that was noted from this nationwide study was the unexpected high prevalence of IFG among children at 2.8% and the high prevalence of both type 2 diabetes and IFG between the age group 7 and 18 years at 5.2% and 6.4%, respectively, which is visibly higher than what was reported from other countries. 25 This could well be explained by the increased obesity rates in the study cohort accounting for 6.8% in the younger age groups, coupled with high caloric intake and low physical activity reported in this population. [26] [27] [28] The IFG to diabetes ratio was found to be more than 1 among the population younger than 25 years of age, whereas it was less than 1 among older population. This transformation from IFG to diabetes could be explained on the basis of age progression as shown by other ethnicities. 29 The lower IFG to diabetes ratio observed in the people older than 25 years of age could also be explained by frequent exposure to medical checkup in the older population. 30, 31 The Saudi population pyramid is following the expansive type, where the younger population constitutes more than 50% of the total population. As type 2 diabetes is more prevalent among the middle and old age groups, its prevalence is expected to decrease at the lower age spectrum. In the current study, the prevalence of diabetes for the population aged ≥25 years was found to be 22.8% and would decrease to 16.7% in the population aged 15 years and above. The overall prevalence of diabetes in the entire Saudi population including all age groups was 11.9%, which is considered to be high for a country with more than 50% of its population younger than 20 years of age.
Prevalence of type 1 diabetes Type 1 diabetes accounted for just 6.6% of the total diabetic population gradually increased with the progression in age in an accumulative pattern. Its prevalence is 400 cases per 100 000 population in subjects younger than 18 years of age, which is almost 4 times higher than what was reported by Al-Herbish et al in 2008 (109.5 cases per 100 000 population).
7 Type 1 diabetes prevalence in the current study has increased 10 times reaching up to 4000 cases per 100 000 population in the age group more than 65 years. This could be explained by the accumulation of cases with age coupled with missed type 1 cases that are diagnosed as type 2 in adolescents and middle-aged people. This increment could also be attributed to the better health care system that increased the life span of type 1 diabetic patients.
Regional variations
The current study showed the prevalence of abnormal glucose metabolism at a regional level with wide variations ranging from 43.4% in Makkah to 16.1% in Najran, wherein IFG was found to be the most prevalent type at 22.6%, followed by type 2 diabetes at 11.1% and type 1 diabetes at 0.8% in the total population. Makkah, Aljouf, Eastern region, and Madinah showed the highest prevalence of abnormal glucose metabolism exceeding 35%; it was mainly due to the high prevalence of IFG in these regions that had exceeded 20%. This high prevalence could be explained by the fact that they comprise older population or have higher BMI and waist circumference values when compared with the national mean values. In addition, these regions demonstrated higher mean FPG when compared with other administrative regions.
Abnormal glucose metabolism prevalence was found to be the lowest in Najran and Northern border with a prevalence rate lesser than 20%. They showed the lowest prevalence of IFG and diabetes, which could be explained by the fact that both these regions had lower mean age and BMI than the total cohort. Their mean FPG was also lower than the mean FPG for the total cohort. The remaining 7 regions had the prevalence of abnormal glucose metabolism between 25.8%% and 33.7% and diabetes between 8.4% and 13.4%.
The IFG to type 2 diabetes ratio of 2:1 in the total cohort shows that for each diabetic patient, there are 2 IFG cases. This is also similar to what was reported in Guinea and China. 32, 33 This ratio was found to be more than 2 in Aljouf, Eastern region, Qassim, Riyadh, and Hail, which could be explained by the increased BMI and decreased mean age in these regions.
The type1 diabetes prevalence varied widely in each region, with the highest in Tabuk at 1.3 % and the lowest in Bahah at 0.2%. This observation was found to be different from what was earlier reported by AlHerbish et al., where the highest prevalence was observed in Central and Southern provinces and the lowest in Northern and Eastern provinces. 7 This difference could be explained on the basis of the different age groups, as his study subjects were between 0 and 19 years of age, whereas ours had no age limitation.
When looking at diabetes and IFG distribution in the 13 administrative regions, diabetes prevalence was comparatively higher in Makkah, Madinah, Tabuk, Aljouf, Bahah, Qassim, and Asir, which could be the effect of urbanization in most of these regions as shown in Table 1 . On the contrary, it was lower in Jizan and Najran that have more rural areas. Urbanization also played a major role in the high prevalence of IFG in Aljouf, Makkah, Eastern region, Madinah, Qassim, and Riyadh.
Comparative analysis with other countries
To compare the current study with what was reported earlier from other countries sharing the same socioeconomic and life style changes, Table 4 demonstrates diabetes prevalence in the 6 Gulf Cooperation Council (GCC) countries during the period from 1990-2009. The selected 10 studies were all countrywide epidemiological studies using different diagnostic criteria and age groups.
Two studies conducted in Saudi Arabia can be compared with our current study; the first one was in 1993 for age group ≥15 years with a calculated prevalence of 12.5% using WHO 1985 criteria. 3 The current study that used ADA criteria 2011 for the same cutoff age group, showed an increase in the prevalence of diabetes to 16.7% above 15 years of age. At the same time, the current study demonstrated an increased prevalence rate up to 25.4% for the age group ≥30 years when compared with the second study that was conducted in the year 2000 by Al-Nozha et al who reported a prevalence rate of 23.7% for the age group between 30 and 70 years using ADA 1997 criteria. 4 Also 2 studies conducted in Kuwait, 1 in 1999 and another in 1996, both using WHO criteria 1985, 34, 35 demonstrated that diabetes prevalence has increased from 7.6% to 14.8% for the age group ≥20 years of age, although there was no countrywide epidemiological study in Kuwait after the year 2000 that can be compared with our findings. There was a clear increased trend in the prevalence of diabetes in this country. Oman had 3 epidemiological studies, all for people ≥20 years of age, [36] [37] [38] where there was an increase in diabetes prevalence from 10% to 16.1% during the period between 1991 and 2002, which is similar to the observed trend in Saudi Arabia. However, the adoption of some diabetes prevention programs in Oman has resulted in an obvious decrease in the prevalence down to 11.6% [41] in 2006, which proves the effectiveness of primary prevention programs in such countries. The only selected study from United Arab Emirates among multiethnic adults ≥20 years showed a prevalence of 20%, 39 whereas among the age group 40 to 69 years, diabetes prevalence in Bahrain has reached 30% using WHO 1985 criteria. 40 The most recent study from Qatar in 2009 has showed diabetes prevalence to be 16.7% among adults aged ≥20 years. 41 Such studies from these 3 countries confirm the same observation of diabetes trend as seen in Saudi Arabia.
The rapid economic development in the GCC countries could explain the change in diabetes prevalence trend that has put 3 of them, namely, Saudi Arabia, Kuwait, and Qatar, among the top 10 countries in terms of diabetes prevalence. 20 The strength of this study comes from being a countrywide household survey with a large random sample that was adjusted to be compatible with the population census, which could explain the large number of excluded subjects when we were adjusting for age, gender, residency area, and administrative region distribution. Although this study was limited by using only FPG in defining abnormal glucose metabolism cases, it is one of the recommended criteria for diabetes and IFG screening. Another limitation of the current study was the possibility that the enrolled subjects might not have adhered to our instructions of strict overnight fast, especially children and, in particular, those who were in the age group between 0 and 6 years.
In conclusion, we found that more than one-third of the total population in all age spectrums was suffering from abnormal glucose metabolism in the form of either diabetes or IFG. More than 50% of these cases were unaware of their disease and were picked up by screening. There is a large variation in IFG and diabetes prevalence in the different regions of Saudi Arabia that can be explained by urbanization, aging, and obesity effect. Although there is an increase in type 1 diabetes prevalence with age, type 2 diabetes and IFG prevalence in Saudi children and adolescents is strikingly higher than what was observed in the region or globally.
A primary prevention program in the form of lifestyle modification is sternly needed to stand against this disease epidemic and its heath and economic impact.
